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Abstract of JP63296353 
PURPOSE:To form contact holes in optimum 
shape by a method wherein an interlayer 
insulating film previously deposited in 
thickness thicker than the thickness to be 
etched is etched in specified shape using 
photoresist as a mask and after removing the 
resist, the interlayer insulating film is fully 
overetched meeting the intensive anisotropic 
requirements. CONSTITUTION :An interlayer 
insulating film 13 is deposited on a 
semiconductor substrate 1 1 in thickness 
thicker than specified thickness previously 
preparing for the full etching process of the film 
13 and then contact holes are formed in 
specified shape without overetching the base 
silicon 1 1 using photoresist 14 as a mask. 
Next, after peeling off the photoresist 14, the 
interlayer insulating film 13 is full-etched for 
overetching meeting the etching requirements 
in excellent selectivity ratio between the 
interlayer insulating film 13 and the base 
silicon 1 1 to form contact holes in specified 
shape in the interlayer insulating film 13 in 
specified film thickness. Through these 
procedures, the contact holes in excellent 
shape can be formed without deeply etching 
the Si substrate. 
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Specification 


1. 


Title of the Invention 


Method of Forming Contact Hole 
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2. Scope of Claims 

(1) A method of forming a contact hole, comprising the steps of: 
depositing an interlayer insulating film over a semiconductor substrate; 

etching the interlayer insulating film partway through to form a contact hole to a 
predetermined shape, using a photoresist as a mask; and 

after removing the photoresist, etching an entire surface of the interlayer 
insulating film to remove the interlayer insulating film at the base of the contact hole. 

(2) The method of forming a contact hole according to Claim 1, wherein using the 
photoresist as a mask, the interlayer insulating film is etched in such a way that the contact 
hole is given an angle. 

(3) The method of forming a contact hole according to Claim 1, wherein: 

the interlayer insulating film is etched partway through by vertically etching the 
interlayer insulating film using the photoresist as a mask, then further etching the interlayer 
insulating film in such a way that the contact hole is given an angle, using the photoresist 
as a mask. 

3. Detailed Description of the Invention 
Field of Industrial Application 

The present invention relates to a method of forming a contact hole of a 
semiconductor device. 
Prior Art 

In recent years, concerning the formation of contact holes, in order to improve the 
deposition conditions of metal films for wiring in a subsequent process step, importance 
has been placed on the shape of contact holes. Generally, deposition conditions of the 
metal film are influenced slightly by the shape of an upper end portion of the contact hole. 
As one means of preventing the breakage of a metal wiring which occurs when conditions 
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of deposition into the contact hole are poor, after an oxide film containing an impurity is 
etched to form a contact hole, a heat treatment has been applied in order to round an 
angular portion of an end portion of the contact hole and thereby improve the deposition 
conditions inside the contact hole. Further, as another means of preventing the breakage 
of a metal wiring, when forming the contact hole by etching, etching which gives a 
sidewall of the contact hole an angle has been performed. This also improves deposition 
conditions. 

Below, the above-mentioned first conventional example of a conventional method 
of forming a contact hole will be described with reference to the drawings. In FIG 2(a), 
reference numeral 1 indicates a photoresist which has been patterned into a desired shape, 
reference numeral 2 indicates an oxide film which contains an impurity, and reference 
numeral 3 indicates a Si substrate. In FIG 2(b), using the photoresist 1 as a mask, the 
oxide film 2 has been anisotropically etched using a fluorocarbon gas, and FIG. 2(c) shows 
a cross-section taken after the photoresist 1 has been removed. In FIG 2(d), a 
cross-section taken after the oxide film 2 which contains an impurity has been heat-treated 
at a high temperature is shown. 

Next, the second conventional example of a conventional method of forming a 
contact hole will be described. In FIG 3(a), reference numeral 4 indicates a photoresist 
which has been patterned into a desired shape, reference numeral 5 indicates an oxide film, 
and reference numeral 6 indicates a Si substrate. FIG 3(b) is a cross-sectional view taken 
after the oxide film 5 has been anisotropically etched using a fluorocarbon gas, using the 
photoresist 4 as a mask. FIG 3(c) shows a cross-section of the result of giving a hole end 
portion 7 of a contact hole an angle by anisotropically etching the oxide film 5 while 
isotropically etching the photoresist 4 and making it recede back in a lateral direction using 
a mixed gas containing a fluorocarbon gas and an oxygen gas. 
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Problems to be Solved by the Invention 

However, in the above-described first conventional example, when the distance 
between adjacent contact holes is short, a place for melted oxide film to flow into when 
heat treatment is performed is lost, so the contact hole shape takes on an overhang, as 
shown in FIG 2(d), and the dimensions of the mid-part of the holes become smaller 
compared to those of the lower part of the holes. Therefore, there is a problem in that a 
break forms in a metal film during metal film deposition. Further, in the second 
conventional example, as a means of making the resist recede back, etching is performed 
using fluorocarbon gas into which a large amount of oxygen gas is mixed. Therefore, 
selectivity to the base Si substrate is poor, and there is a problem in that the Si substrate is 
etched deeply. 

In view of the above-described problems, an object of the invention is to provide a 
method of forming contact holes in which a good contact hole shape can be obtained 
regardless of the distance between holes while sufficiently maintaining selectivity to the 
base. 

Means for Solving the Problems 

In order to solve the above-described problems, in a method of forming a contact 
hole of the invention, an interlayer insulating film is deposited over a semiconductor 
substrate more thickly than a desired thickness, in advance preparation for a process step in 
which an entire surface of the interlayer insulating film is etched; a contact hole is formed 
to a predetermined shape without over-etching a base silicon, using a photoresist as a 
mask; after removing the photoresist, an entire surface of the interlayer insulating film is 
etched in such a way that it is over-etched, with etching conditions in which selectivity 
between the interlayer insulating film and the base silicon is good, and thereby a contact 
hole with a predetermined shape is formed in an interlayer insulating film which is formed 

4/7 


English Translation of JPS63-296353 


to a predetermined thickness. 
Functions 

In the invention, the etching conditions used for obtaining the predetermined 
contact hole shape and the etching conditions of the over-etching for ensuring that the 
contact hole is opened can be completely separated. Therefore, in the etching conditions 
for obtaining the predetermined contact hole shape, even if selectivity between the 
interlayer insulating film and the base silicon is small, it is no problem whatsoever, and 
further, the over-etching can be performed satisfactorily with etching conditions with high 
selectivity. 

Embodiment 

Below, a method of forming a contact hole of an embodiment of the invention will 
be described with reference to the drawings. FIGS. 1(a) to 1(e) are cross-sectional views 
of process steps of a method of forming a contact hole of an embodiment of the invention. 
In FIG 1(a), reference numeral 11 indicates a p-type silicon (100) substrate, reference 
numeral 12 indicates an n + diffusion layer formed over the silicon substrate, reference 

o 

numeral 13 indicates a silicon oxide film with a thickness of 8000 A which is formed by a 
low-pressure CVD method as an interlayer insulating film, and reference numeral 14 
indicates a photoresist with a thickness of 1.2 jxm on which a contact hole pattern has been 

o 

formed. Ultimately, the interlayer insulating film may have a thickness of about 6000 A; 

o 

however, it is estimated that the thickness will decrease by 2000 A during a process step of 
over-etching an entire surface of the interlayer insulating film, so it is deposited more 
thickly than 6000 A. 

First, the silicon oxide film is etched by 5000 A to a vertical shape by a reactive 
ion etching method, using the photoresist 14 as a mask. These first etching conditions are, 
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for example, CHF 3 gas at 50 seem, 0 2 gas at 5 seem, a vacuum of 400 mTorr, and an RF 
power of 300 W (FIG 1(b)). 

Next, while making the photoresist recede back in a lateral direction using the 
photoresist 14 as a mask, the silicon oxide film 13 is also etched by a reactive ion etching 

D 

with different conditions by 2500 A to form a shape in which a hole end portion has an 
angle (FIG 1(c)). These second etching conditions are, for example, CHF 3 gas at 50 
seem, 0 2 gas at 40 seem, a pressure of 400 mTorr, and an RF power of 300 W. In order to 
utilize the recession of the photoresist 14 in a lateral direction and give an angle to an 
upper end portion of the contact hole, the flow rate of the O2 gas is made high. Because 
the O2 gas is increased in these etching conditions, selectivity between the silicon oxide 
film and the silicon substrate is small; however, in this method, since there is still about 

o 

500 A of silicon oxide film above the contact hole at this point, the selectivity is not a 
problem at all. 

Next, the photoresist 14 is removed (FIG. 1(d)), and an entire surface of the silicon 
oxide film 13 is etched back by 2000 A. As a result, an interlay er insulating film with a 
predetermined thickness of 6000 A is obtained (FIG. 1(e)). The etching conditions at this 
time are the same as the above-described first etching conditions. Because the etching is 
anisotropic, the shape of the contact hole is maintained from the previous process step. 
Further, because the O2 gas flow rate is kept low, selectivity between the silicon oxide film 
and the silicon substrate is high, so in this case although the over-etching of the silicon 
oxide film by 1500 A affects the base silicon, the base silicon substrate is hardly etched 
(about 100 A) at all. 

Description of process steps subsequent to this will be omitted. However, since 
the upper end portion of the contact hole has an angle, a metal film can be deposited 

without a break forming in the metal film, and since over-etching can be performed 
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sufficiently, conditions of contact between the base silicon and the metal film are very 
good. 

Further, here, using the photoresist as a mask, the interlayer insulating film was 
etched with two different sets of etching conditions, the first and the second; however, 
exactly the same effect can be obtained in a case where the shape of the contact hole is 
controlled with only the second etching conditions. 

Effects of the Invention 

In this manner, in the invention, a predetermined contact hole shape is obtained 
while keeping etching of a base silicon to a minimum, by using a process step in which an 
interlayer insulating film, which is deposited over a semiconductor substrate in advance 
more thickly than necessary by a thickness equivalent to a thickness that will be 
over-etched, is etched to a predetermined shape using a photoresist as a mask, and a 
process step in which subsequent to removal of the resist, an entire surface of the interlayer 
insulating film is over-etched under strongly anisotropic conditions. This is a method 
with a very high industrial value, in which an ideal contact hole shape is obtained by an 
etching for contact hole shape control, and sufficient contact between a semiconductor 
substrate and a metal wiring is ensured by an etching which is only for over-etching and 
which is completely separate from the etching for contact hole shape control. 
4. Brief Description of the Drawings 

FIGS. 1(a) to 1(e) are cross-sectional views of process steps of an embodiment of 
a method of forming a contact hole of the invention, and FIGS. 2(a) to 2(d) and FIGS. 3(a) 
to 3(c) are cross-sectional views of process steps of a conventional method of forming a 
contact hole. 

11 P-type (100) silicon substrate, 12 n + diffusion layer, 13 

silicon oxide film, 14 photoresist. 
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